show an insulating behavior, and a magnetic ordering around 6 K.
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Introduction
PnCh2-based compounds, RnOPnCh2 (Rn = rare earth elements, Pn = Sb, Bi and Ch = S, Se), provide a variety of research area, such as superconductivity [1] [2] [3] , optoelectronic [4] , thermoelectric [5] properties and superconductivity with magnetic ordering [6, 7] . Moreover, they also become general insulator [8] . They crystallize with a layered structure composed of PnCh2 layers and charge blocking RnO layers, similar to which is found in Fe-based superconductors, Rn(O,F)FeAs (Rn: rare earth elements) [9, 10] . There are two kinds of chalcogen sites; Ch1:in-plane, Ch2:out-plane, as is schematically illustrated in Figure 1 .
Recently, a theoretical calculation suggests a possibility of topological insulator in an SbSe2-based material, LaOSbSe2 [11] . However, our trials to grow RnOSbSe2 single crystals have not yet been succeeded.
In another way to construct SbSe planes, a site selectivity in Ch-sites might shed some light on our trials. The Ch-sites can be occupied either S or Se, resulting in a variety of PnSSe-based compounds [12] , and a site selectively in the chalcogen atoms has been observed in La(O,F)BiSSe [13] ; Se prefers to occupy the in-plane site while S locates out-plane site, in the continuous substitution between Se and S atoms in the Ch sites. If 5 the same thing would be happened in Rn(O,F)SbSSe, SbSe planes for topological insulators might be achieved.
In this paper, we have successfully grown Ce(O,F)Sb(S,Se)2 single crystals using a CsCl/KCl flux method. The single crystals of Ce(O,F)Sb(S,Se)2 were characterized by means of X-ray single crystal structural analysis, X-ray absorption fine spectroscopy, electrical/magnetic measurements and photoemission spectroscopy.
Experimental
Single crystals of Ce(O,F)Sb(S,Se)2 were grown by a high-temperature flux method [14] [15] [16] . The raw materials of Ce, Sb2O3, SbF3, Sb, Sb2S3, Sb2Se3, S, Se were weighed to have a nominal composition of Ce(O1-uFu)Sb(S2-xSex) (u = 0-0.5, x = 1.0-1.5). The mixture of the raw materials (0.8 g) and CsCl/KCl flux (5.0 g) were ground by using a mortar, and then sealed into an evacuated quartz tube. The molar ratio of the CsCl/KCl flux was CsCl:KCl = 5:3. The quartz tube was heated at Tmax:800-900 °C for 10 h, followed by cooling to 600 °C at a rate of 1 °C/h, then the sample was cooled down to room temperature in the furnace. The resulting quartz tube was opened in air, and the obtained materials were washed and filtered by distilled water in order to remove the CsCl/KCl flux. Also La(O,F)Sb(S,Se)2 single crystals could be grown in the same 6 method by changing the Ce elements to La in the raw materials.
The compositional ratio of the single crystals was evaluated by electron probe microanalysis (EPMA) associated with the observation of the microstructure by using scanning electron microscope (SEM) (JEOL, JXA-8200). The obtained compositional values were normalized using S+Se = 2.00, with Ce (or La) and Sb measured in a precision of two decimal places. After that, the F composition is normalized by the total Powder X-ray diffraction (XRD) patterns were measured by using Rigaku MultiFlex with CuKα radiation. Single crystal XRD structural analysis was carried out using a Rigaku Mercury CCD diffractometer with graphite monochromated MoKα radiation (λ = 0.71072 Å) (Rigaku, XtaLAB mini). The crystal structure was solved and refined by using the program SHELXT and SHELXL [18, 19] , respectively, in the WinGX software package [20] .
Cerium valence state of the component was estimated by X-ray absorption fine spectroscopy (XAFS) analysis using an Aichi XAS beamline with a synchrotron X-ray Photoemission spectroscopy (PES) measurements were performed at the BL-2A MUSASHI in the Photon Factory, KEK. The samples were cleaved in situ in ultra-high vacuum for obtaining fresh surfaces. All PES measurements were carried out at room temperature in order to avoid the charging effect. The binding energies were calibrated by EF of a gold plate. which is similar to another SbS2-based compound [8] . The X-ray single crystal structural analysis was carried out using the Ce(O,F)Sb(S,Se)2 with u = 0.5, x = 1.5 single crystals. Details of the analysis and crystallographic parameters are listed in Table   II and Table III 
Results and discussion
